The Double-Root Translocation Technique  by Hu, Sheng-Shou et al.
T
S
a
S
n
D
A
1
dhe Double-Root Translocation Technique
heng-Shou Hu, MD, FACC, Shou-Jun Li, MD, Zhi-Gang Liu, MD, Yan Li, MD,
nd Liqing Wang, MDR
p
n
s
n
i
t
c
a
wurgical management of patients with ventriculoarterial
discordance, ventricular septal defect (VSD), and pulmo-
ary outflow tract obstruction (PS) remains challenging. The
epartment of Pediatric Cardiovascular Surgery, The National Cardiovascu-
lar Center and Fu Wai Hospital Beijing, Chinese Academe of Medical
Science and Peking Union Medical College, Beijing, China.
ddress reprint requests to Sheng-Shou Hu, MD, FACC, Department of
Pediatric Cardiovascular Surgery, The National Cardiovascular Center
and Fu Wai Hospital Beijing, Chinese Academe of Medical Science and
Peking Union Medical College, 167 Beuilishi Road, Beijing, 100037“China. E-mail: shengshouhu@yahoo.com
522-2942/09/$-see front matter © 2009 Elsevier Inc. All rights reserved.
oi:10.1053/j.optechstcvs.2009.01.001astelli procedure has been the surgical approach to such
atients. However, given its poor long-term results, an alter-
ative surgical technique is required. With the aims of pre-
erving the competence and growth potential of both the
ative aortic and the pulmonary valves, as well as of achiev-
ng better long-term results, we proposed the “double-root
ranslocation” technique for biventricular outflow tract re-
onstruction. SinceMarch 2004, we have used this technique
s a routine surgical management for 40 consecutive patients
ith transposition of great arteries (TGA), VSD, and PS, or
transposition-type” double-outlet right ventricle with PS.
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36 S.-S. Hu et alOperative Technique
Figure 1 Median sternotomy and moderate hypothermic cardiopulmonary bypass with modified balanced ultrafiltra-
tion are routinely used. The aortic cannulation site is placed on the transverse aortic arch just beneath the orifice of
innominate artery. Bicaval cannulation is used for venous drainage. A left heart venting catheter is placed through the
right superior pulmonary vein. The ascending aorta and pulmonary trunk are mobilized. The left and right pulmonary
arteries are dissected free out to their first branches.
Double-root translocation technique 37Figure 2 When the nasopharyngeal temperature is lowered to 30°C, the aorta is cross-clamped and a cold, long-effect
cardioplegia solution (HTK solution, Custodiol; Dr. Franz Koehler Chemie, GmbH, Germany) is administered. After
intracardiac exploration, the proximal left and right coronary arteries are mobilized and the ascending aorta is
transected 3 to 5mm above the sinotubular junction. The aortic root is then excised along the dashed line shown in Fig. 1,
which is about 5 to 6 mm below the aortic annulus. In most cases, when the aorta and pulmonary artery are in an
anterior-posterior relationship, the aortic root and coronary arteries can be harvested and translocated en bloc.
However, if the great vessels are side by side, the coronary arteries should be harvested from the aortic sinuses and
reattached to favorable sites in the translocated aortic root.
38 S.-S. Hu et alFigure 3 Pulmonary root harvesting: The pulmonary root incision is about 5 mm below the pulmonary annulus. Injury
to the conduction tissue and mitral valve apparatus must be avoided. In cases with atrioventricular discordance, the
anterior portion of the pulmonary annulus must be kept intact (not harvested) to avoid injury to the HIS bundle or the
left bundle branch. Only the posterior portion of the pulmonary root can be dissected and harvested. In this case, an
effort is made to preserve the integrity of the pulmonary valve leaflets. The most favorable anatomy for double-root
translocation includes bilateral infundibula, as seen in cases of transposition-type double-outlet right ventricle with PS.
In this situation the pulmonary root can be excised entirely. However, in most cases with TGA, VSD, and PS,
pulmonary-mitral fibrous continuity exists, so that there is no subpulmonary infundibulum. In these cases, pulmonary
root harvesting must be very careful to avoid injury to the mitral valve apparatus. If the pulmonary and mitral annuli
are too closely adherent, only the posterior portion of the pulmonary annulus is excised, and the mitral annulus is kept
intact. In about 20% of patients with TGA, VSD, and PS, either there exists a subpulmonary conus or the area of
pulmonary-mitral fibrous continuity is fairly wide. In these cases, the pulmonary root can still be excised entirely.
Double-root translocation technique 39Figure 4 Once pulmonary root harvesting is completed, the Lecompte maneuver is performed. For cases in which the
left ventricular outflow tract obstruction (LVOTO) is pulmonary valvar stenosis only, the LVOTO can be relieved by
pulmonary root resection alone. If the LVOTO is both valvar and subvalvar, resection of the abnormal muscular or
membranous tissue in the left ventricular outflow tract (LVOT) is also needed to relieve the LVOTO. In cases with a
severely hypoplastic pulmonary annulus, if there exists a restrictive conal VSD, the VSD crest is opened to enlarge the
LVOT. If the VSD is nonrestrictive and perimembranous, the orifice of the LVOT is incised leftward and anteriorly, and
the conal septum is excised to enlarge the LVOT.
40 S.-S. Hu et alFigure 5 A perimembranous VSD is repaired through the right atrium and the right ventricular outflow tract (RVOT)
using a Dacron patch with interrupted and continuous 5-0 or 6-0 polypropylene suture. A conal VSD is repaired
through the RVOT. Once the VSD repair is completed, aortic root translocation is commenced. If the aortic root and
coronary artery can be translocated en bloc posteriorly to the orifice of the LVOT, three 5-0 double-armed polypro-
pylene mattress stitches are first placed to fix the three aortic commissures to favorable sites and to keep the aortic
annulus in a natural geometry. The LVOT and aortic root connection is then completed by using interrupted 5-0
double-armed pledgetted polypropylene stitches. The outside of each stitch is reinforced with a Dacron pledget. The
anterior portion of the aortic annulus is sutured to the crest of the VSD or to the upper rim of the VSD patch. If coronary
artery detachment is needed, the coronary excision site in the aortic sinus is repaired with a patch of autologous
pericardium treated with 0.6% glutaraldehyde for at least 20 minutes. Care must be taken not to impose any distortion
of the aortic annulus when suturing the aortic root. A useful tip for aortic translocation is to preserve sufficient muscle
with the aortic root to support the annulus and hold the stitches. If the great vessels are in a side-by-side relationship,
detaching either one or both coronary arteries and re-implanting them at a different site in the aortic root following
translocation should be considered. In most cases, the left coronary artery can be translocated with the aortic root
without kinking or distortion, whereas the right coronary artery may need to be detached from its aortic sinus and
re-implanted to a favorable site in the translocated aortic root.
Double-root translocation technique 41Figure 6 The pulmonary annulus and the anterior wall of the main pulmonary artery are opened longitudinally out to
the bifurcation of the left and right pulmonary arteries.
42 S.-S. Hu et alFigure 7 The RVOT to pulmonary connection is constructed by anchoring the anteriorly opened pulmonary annulus to
the cephalad rim of the right ventriculotomy using running 5-0 polypropylene suture. Thus, the posterior wall of the
neo-pulmonary artery is created. A bovine jugular vein patch with attached monocusp is tailored to repair the RVOT
and to enlarge the stenotic main pulmonary artery. Care is taken that the valve of the bovine jugular vein is in the same
plane as the native pulmonary valve leaflets, to produce a competent valve in the neopulmonary artery.
Double-root translocation technique 43Figure 8 Once the pulmonary translocation is commenced, rewarming is started. When RVOT reconstruction is
completed, the cardiac chambers and great vessels are carefully de-aired. The cross-clamp is then removed from the
aorta and the heart is reperfused. Both right and left atrial pressure are continuously monitored during weaning from
cardiopulmonary bypass. Use of intraoperative echocardiography to assess global and, in particular, regional ventric-
ular function is very helpful in assessing the adequacy of coronary translocation. If the patient demonstrates regional
ventricular dysfunction, arrhythmias, elevated left atrial pressure, hypotension, and difficulty weaning from bypass,
revision of the coronary artery translocation should be performed without hesitation. In contrast, if the patient has
moderate global ventricular dysfunction, but no other evidence of coronary malperfusion, support with extracorporeal
membrane oxygenation (ECMO) can be considered.
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44 S.-S. Hu et alonclusions
etween November 2004 and June 2008, 40 consecutive
atients underwent double-root translocation. The median
ge at operation was 3.8 years (range, 0.3-18). TGAwith VSD
nd PS were diagnosed in 30 patients (4 with atrioventricular
iscordance), and double-outlet right ventricle (Taussig-Bing
nomalies) with PS in 10 cases (1 with atrioventricular dis-
ordance). The mean cardiopulmonary bypass and aortic
ross-clamp times were 325  57 and 225  43 minutes,
espectively. The mean mechanical ventilation time was 142
51 hours. Four patients required ECMO support; two of
hese four recovered. Two patients died in this series. The
auses of death were left ventricular dysfunction caused by
eft coronary artery insufficiency, and renal failure and sepsis
aused by severe hemolysis (a complication of ECMO). Post-
perative echocardiography demonstrated physiologic flow ln the LVOT and normal heart function in 39 cases. Five
atients had a competent pulmonary valve; 22 patients had
ild pulmonary insufficiency, and 13 patients had moderate
ulmonary insufficiency. Only one patient demonstrated
ild aortic and mitral valve insufficiency after surgery. At the
ost recent echocardiographic examination of this patient
19 months after surgery), the ventricular function had to-
ally recovered and only trivial aortic and mitral insufficiency
ould be detected. No patient developed new aortic or mitral
nsufficiency, and no re-interventions have been necessary
uring follow-up. The double-root translocation technique is
feasible and effective procedure for patients with anomalies
f ventriculoarterial connection, VSD, and PS. Attention to
oronary artery manipulation is of crucial importance to the
uccess of this procedure. Long-term benefits need to be
urther assessed by a larger number of patients as well as a
onger follow-up study.
